Introduction
There are different indications of influence of low-level microwave irradiation at the cell level. For instance, in rats exposed to 915 MHz electromagnetic fields (EMF) of different intensity (0,24; 2,4 and 24 mW/cm 2 ) irradiation induced neuronal damage [1] . Cell viability, DNA synthesis and proliferation decreased in cultured rabbit lens epithelial cells after exposure to continuous microwave radiation at a frequency 2,45 GHz and the surface power density of irradiation 0.50, 1.00, and 2.00 mW/cm 2 [2] . Also, there are indications of mutagenic effects of microwaves at the chromosome level [3, 4] . For example, in our previous works we showed that in response to microwave irradiation heterochromatin granules were formed in human buccal epithelium cells [5, 6] . Microwave-induced chromatin condensation was later reported using the method of chromatin anomalous viscosity time dependencies (AVTD) in human lymphocytes [7] . Simultanously, we demonstrated that the heterochromatin granule quantity (HGQ) increased after microwave irradiation of different circular polarization (f=42,25 GHz) and also by irradiation produced by the cell phone [8] . Group of I. Belyaev demonstrated the microwave-induced formation of foci contained tumor suppressor p53-binding protein 1 (53BP1) and phosphorylated histone H2AX (γ-H2AX) in the chromatin of human lymphocytes [9] . Recently we showed an increase of HGQ after ultra wideband pulse radiation [10] .
However, in other works the effect of microwave radiation on cell morphology was not detected. Primary cultures enriched in astroglial cells were exposed to 900 MHz microwave radiation in a temperaturecontrolled exposure system. The morphology of the cultured astroglial cells and microglia was studied and appeared to be unaffected by microwave irradiation [11] .
In the present investigation we are analyzing the changes of chromatin induced by ultra wideband impulse radiation. Chromatin is the DNA-protein complex in the cell nucleus forming chromosomes during the phases of cell division. The main parts of chromatin are euchromatin and heterochromatin. Euchromatin represents the most transcriptionally active part of chromatin whereas, heterochromatin is transcriptionally repressed. Transformation of euchromatin to heterochromatin and vice versa is a structural representation of changes in chromatin activity [12] .
Condensation of chromatin in granules, also known as heterochromatinization, is connected with the process of decrease of the functional activity of chromatin [12] and is one of the first reactions of cells to various injuring factors [13] . The stress conditions induce the reaction of chromatin condensation in human buccal cell nuclei; therefore, ultra wideband irradiation at the cell level acts as a stress factor.
In interphase many types of nuclear bodies are known and appearance of some of them is connected with cell reaction to stress [14] . Cells respond to changes in environmental conditions by expressing a family of highly conserved proteins called heat shock proteins (HSPs) whose function is to protect cells from the of stress factor effects. HSP gene expression is regulated by the family of heat shock transcription factors (HSFs). The heat shock factor HSF1, which is present in an inactive monomer state in non-stressed cells, undergoes posttranslational modifications, trimerization, and acquires ability to bind DNA after exposure to stress factors [15] .
The concentration of heat shock factors (HSF1) in the stress-induced interphase chromatin granules (HSF1 granules) was shown [16] . HSF1 granules were detected within 30 s after heat shock. HSF1 granules were detected after 5-10 minutes of treatment with cadmium, and steady state was reached after about 24 minutes of cadmium exposure [17] . Other terms for HSF1 granules include stress-induced Sam68 nuclear bodies (SNBs) [18] and stress granules [19] . HSF1 granules localize to the 9q11-q12 heterochromatic region, the granule formation requires the DNA binding competence and the trimerization of the HSF1. Within this locus, HSF1 binds through direct DNA-protein interaction with a nucleosome-containing subclass of satellite III repeats [20] . In addition to chromosome 9, chromosomes 12 and 15 also contain the nucleation sites of stress bodies in heat-shocked HeLa cells [21] .
We assume that cellular reactions play a key role in reaction of organism to a low-leveled electromagnetic radiation. In this work we present results indicating the change of chromatin state in human buccal epithelial cell nuclei after the influence of ultra wideband electromagnetic impulses.
In spite of the great importance of ultra short signals (ultra wideband radiation) in technical processes and its possible health effects, the biological effects of ultra wideband irradiation are not sufficiently investigated and publications on this theme are scarce. This type of electromagnetic influence differs in principle from pulsed monochromatic irradiation and should be confused with it. Formally it was impossible to ascribe to it any definite frequency and so it was called ultra wideband radiation.
Experimental Procedures

Human Cells
Studies were conducted in cells of outer layer of buccal epithelium collected from the inner surface of human cheek. These differentiated cells are not cycling. These cells are convenient for cytological investigations because of their relatively large dimensions (15 -20 μm in diameter) and non-traumatic method of obtainment from the organism. Cells were obtained from the donor's cheek by light scraping with a blunt sterile spatula. This operation was absolutely bloodless and painless. Cells were placed at room temperature in 3.03 mM phosphate buffer (pH=7.0) and 2.89 mM calcium chloride and then placed on cover slides and placed in Petri dishes on wet filter paper. In these conditions isolated cells maintain the constant level of heterochromatin granule quantity (HGQ) for several hours [22] . The cells of buccal epithelium obtained by the method are shown to be viable [23] . In this study, donors of cells A-D were male, donor E was female, donor A was 51 years old, donor B was 27 years old, donor C was 21 years old, donor D was 18 years old and donor E was 24 years old. All the donors were medication-free and non-smokers.
Irradiation procedure
A cell layer of less than 1 mm thickness was placed on the cover slide and irradiated by ultra wideband pulses at room temperature near the slot antenna. One minute after irradiation the cells were stained with orcein. The exposure time in all experiments was 10 s. the apparatus that consists of generator of short pulses, antenna and set of attenuators was elaborated for irradiation of cells. The short pulse generator formed the sequence of pulses with amplitude 25 V and a pulse duration 500 ps at the half of pulse height. Pulses were emitted at series pulses with iteration frequency 1 MHz. The spectral characteristics of a single pulse are presented in Figure 1 . Wave form of the pulse signal was determined as Gaussian (1).
The shape of the signal is presented in Figure 2 .
The choice of Gaussian form of pulse is due to the fact that exponential characteristics of main part describe non-stationary and short-time processes. The Gaussian form of pulse is the most commonly used in pulse electronics. The spectral characteristics of a single impulse are presented in Figure 1 . The signal is the pulse train with a definite repetition frequency. In this paper it was 1 MHz (see Figure 3) . The time characteristics of a single pulse are presented in Figure 4 .
A slot antenna was used because of relative simplicity of measurement of a signal power. Signal from the generator was transmitted to irradiating antenna that was represented by the long uniform slot. The time characteristics of the signal presented in Figures 1-4 were registered by the stroboscopic oscillograph and stored in a computer by means of analog-to digital converter (ADC). Measurement was made in the same place where the irradiated sample was placed by the means of calibrated probes. The power of the signal was regulated by incorporation in the electronic scheme of calibrated wideband attenuators. The scheme of the experimental set-up is presented in Figure 5 .
The nature of interaction of electromagnetic pulse with biologic objects was investigated [24] . A pulsed signal in (1) where T -pulse duration, t -time, A -pulse amplitude. 
this study is an irradiating signal, which is limited in time and non-stationary. It has the wide spectrum compared to monochromatic (stationary) signal and has high penetrating ability. This signal can be viewed as a single signal or as a sequence of pulses. The mechanisms of ultra wideband pulses interaction with biologic systems are not investigated, so we indicate only the density of energy flow on the surface of irradiated object. As it is commonly assumed for microwave irradiation the level of intensity less than 10 mW/cm 2 produces no significant thermal effects in biological systems [25] .
The method of chromatin staining
Cells were stained with 2% orcein solution in 45% acetic acid [22] . One minute, one hour, or two hours after irradiation cells were stained with orcein. Time of staining depended on the variant of experiment. In the experiments presented in Figures 8-12 it was 1 min, and in the experiments presented in Figures 13-14 it varied from 1 min to 2 h. Cells were investigated at a 600 times magnification. The photographs of human buccal epithelium cells before and after irradiation are presented in Figure 6 . As a granule of heterochromatin we regarded denser particles clearly distinguished from the surrounding mass of chromatin. The heterochromatin granule quantity (HGQ) was estimated in 30 interphase nuclei and the mean HGQ value and standard error were calculated. The number of 30 analyzed nuclei was chosen because the further increase of the analyzed cell number does not significantly decrease the standard error value in our experiments. Our standard error value did not exceed 5% of the measured HGQ value. Data presented in Figures 8-14 were obtained by eye-counting. The calculation of the HGQ was done by the blind method so the operator did not know the conditions of cells pretreatment.
Image processing
For more distinct determination of heterochromatin location in interphase cell nucleus we developed two computer programs that enabled us to process the digital images and to paint zones with different heterochromatin contents with different colors. The results of image processing (in black-and-white) are presented in Figure 7 (a, b) . The methods of computer visualization enabled us to make microscopic analysis easier and to avoid the mistakes resulting from personal subjectivity. a b c 
Statistical processing
The experimental data were checked by ShapiroWilk test for normality. In all cases the test indicated correspondence of the data to a normal distribution; consequently, the Student method was applied for further statistical analysis. Means and standard errors for these data are given (Figures 8-14) . For each mean value n is equal to 30 and is the number of cells analyzed in a single experiment. Each bar in the histograms represents data from a single donor's cell sample. The probability level is P<0,05.
Results
Ultra wideband pulse radiation differs from monochromatic pulsed radiation. The fact is that from the point of electromagnetic theory an ultra wideband pulse is real signal on one side, and a superposition of harmonic waves (spectral constituents), each of its own spectrum, on the other. Our experimental data show the increase of heterochromatin granule quantity immediately after cell sample exposure to ultra wideband pulse irradiation (Figures 8-12 , Supplementary Material Table 1 ). As one can see, the low-intensity ultra wideband pulse radiation (E=10 -4 -10 -3 W/cm 2 , irradiation exposure -10 s) induced increase in the quantity of heterochromatin granules in the interphase nuclei in the cells of all the donors (A, B, C, D, E). Cells of the donors A and E appeared to be more sensitive to irradiation and reacted to irradiation of intensity 10 -5 W/cm 2 . Exposition of cells to irradiation intensity of 10 -2 W/cm 2 induced less pronounced effect than exposition to 10 -3 W/cm 2 intensity. The results of our present investigation indicate that the chromatin granule formation increases with the increase of the irradiation intensity within limited intervals of power density. For cells of donors B-E heterochromatin granule quantity increase was observed within the interval of power density from 10 -4 to 10 -3 W/cm 2 . We also investigated the process of HGQ recovery after ultra wideband pulse irradiation. The results presented in Figures 13-14 (Supplementary Material  Table 2 ) demonstrate that irradiation of the cells within limits of power density from 10 -3 to 10 -2 W/cm 2 induces chromatin condensation in the cells of all the donors. After irradiation at low intensity (E=10 -3 W/cm 2 ) irradiationinduced chromatin condensation decreases after 1 h after cell sample exposure ( Figure 13 , Supplementary Material Table 2 ). Irradiation-induced effects disappear after 2 h of recovery ( Figure 13 , Supplementary Material Table 2 ). The effects of HGQ increase after more Table 2 ). The absence of full HGQ recovery after 2 h may be connected with severe cell damage by irradiation. The possibility of recovery indicates viability of irradiated cells and transitory character of low-level irradiation influence on chromatin state, and dependence of the recovery process on power density of irradiation.
Discussion
In the present work we show an increase in the HGQ in human cells after ultra wideband pulse irradiation. Similar effect was observed earlier after monochromatic microwave irradiation [5, [7] [8] [9] . We propose that the mechanisms of action on the cell of monochromatic and ultra wideband irradiation might be similar. They both cause increased heterochromatinization, which is considered to be general stress reaction of the cell. We did not investigate the chemical nature of the heterochromatin granules in our experiments, but our results may be interpreted in connection to stress HSF1 granules formation [19] . These granules are formed in response to different stress factors.
At the moment, there is a lack of a general theory explaining the biological effects of low-level electromagnetic irradiation. The most basic mechanisms of the interaction of electromagnetic wave with the cells describe its interaction with the cell membrane [26] 
Figure 12.
Heterochromatin granule quantity in cell nuclei of donor E after ultra wideband pulse irradiation of different intensity (data of 3 independent experiments, mean data for each experiment ± SE, in each experiment n=30).
and interaction of electromagnetic wave with DNA and gene promoters [27] . The data presented in this article show the influence of electromagnetic irradiation on the nuclear chromatin structure. Due to a short time of its action we propose that it causes an immediate reaction of cell to electromagnetic influence. Because the process of heterochromatinization shown after ultra wideband pulse electromagnetic irradiation is as a rule connected with the decrease of general nuclear transcriptional activity, one can propose that the reduction in general transcriptional activity takes place in cells after irradiation. In this way, our data may be interpreted in terms of genetic activity regulation not on the level of individual genes, but on the level of whole cell nucleus.
Conclusions
In this work an increase in heterochromatin granule quantity (chromatin condensation) in human buccal epithelium cells after ultra wideband pulse irradiation of 10 -4 -10 -2 W/cm 2 power density) is shown. At low (non-thermal) intensities (10 -3 W/cm 2 ) the reaction of heterochromatin granule formation is reversed 2 h after the cell sample exposure but after a higher intensity irradiation (10 -2 W/cm 2 ) the recovery is not full. The experimental data obtained may be interpreted as a manifestation of cell stress reaction to ultra wideband pulse irradiation. Table 2 . HGQ after different periods of recovery after ultra wideband pulse irradiation.
